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(57) ABSTRACT 

A vehicle or other host station includes first and second anten 
nas, a fast semiconductor Switch, a Switching controller, and 
an RF receiver. The controller toggles the switch at a cali 
brated Switching rate to selectively and alternately connect 
the first antenna to one of the RF receiver and a load having a 
calibrated impedance value. The first antenna may be a para 
sitic element in any embodiment using the load. The semi 
conductor switch may be a CMOS device or a Gallium Ars 
enide semiconductor Switch. A Switching control method for 
use in a vehicle or other host station having the first antenna, 
the second antenna, and the RF receiver includes transmitting 
a Switching signal from the controller to the Switch, and 
toggling the Switch at a calibrated Switching rate in response 
to the Switching signal to selectively and alternately connect 
the first antenna to one of the RF receiver and the load. 

15 Claims, 2 Drawing Sheets 
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ANTENNA DIVERSITY SCHEME 
EMPLOYING BAND PASS SAMPLING AND 
FAST SEMCONDUCTOR SWITCHING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/429,793 filed on Jan. 5, 2011, 
which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

The present disclosure relates to a system and method for 
improving radio frequency reception in a vehicle using mul 
tiple receiving antennas, i.e., antenna diversity, using band 
pass sampling and fast semiconductor Switching. 

BACKGROUND 

Radio frequency (RF) communication involves the trans 
mission of electrical energy through free space in the form of 
electromagnetic radio waves. Information carried by the 
radio waves may be controlled using various analog signal 
encoding techniques, the most common of which are ampli 
tude modulation (AM) and frequency modulation (FM). 
Emerging satellite radio (XM) transmits radio waves at high 
frequencies via digital signal modulation. 

Multiple receiving antennas may be used in what is 
referred to as an antenna diversity Scheme. Antenna diversity 
may improve signal reception where multiple receiving paths 
exist, or in instances where reception by a single antenna is 
Somehow obstructed. Conventional antenna diversity 
schemes require signal detection and/or demodulation, as 
well as complex decision algorithms to select between mul 
tiple antenna input signals. Since the decision algorithms and 
antenna control steps occur at a receiver, an RF cable is 
typically required between each diversity antenna and the 
receiver. The complexity of the diversity receiver and the 
required multiple RF cables often renders the use of a con 
ventional antenna diversity Scheme too costly for use in some 
systems, such as aboard a vehicle or in other multi-path RF 
applications. 

SUMMARY 

An antenna diversity system is disclosed herein that helps 
address Some of the complexity and cost concerns noted 
above. The present system uses band pass sampling and high 
speed semiconductor Switching to execute the disclosed 
method independently of a radio receiver. The sampling and 
Switching techniques are used together to combine multiple 
RF signals, i.e., to provide a particular antenna diversity 
scheme. The present approach may be beneficial, for 
instance, in a vehicle having multiple hidden antennas, or in 
any other system where a structural body obstructs a desired 
radiation pattern at one receiving antenna. As is well under 
stood in the art and as used herein, the term “radiation pattern' 
refers to the particular geometric pattern presented by relative 
field strengths of an electromagnetic field. 

For example, an antenna positioned on or within a front 
bumper of an example vehicle would have limited perfor 
mance/radiation with respect to the rear of the vehicle, while 
an antenna positioned on or in the rear bumper would have 
limited performance/radiation with respect to the front of the 
vehicle. The present method used in conjunction with Such a 
vehicle averages RF signals from the multiple antennas, and 
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2 
hence provides improved radio reception compared to using 
the front or the rear antennas alone. 

Existing antenna diversity Schemes generally employ rela 
tively complex decision criteria to enable switching between 
the various antenna inputs. The decision criteria may be based 
on signal conditions that require signal detection and/or 
demodulation. A Switching mechanism may reside in a mod 
ule located near the antennas or within the radio receiver. The 
present method instead averages between the RF signals at a 
location that is external to the radio receiver using high-speed 
transistors or other semiconductor Switching mechanisms, 
without the need for signal detection and/or demodulation, 
and without the decision criteria/algorithms noted above. 

In particular, a system for use in a host station, e.g., an 
example vehicle as disclosed herein, includes a first antenna, 
a second antenna, a semiconductor Switch, an RF receiver, 
and a Switching controller. The Switching controller continu 
ously toggles the semiconductor Switch at a calibrated 
Switching rate. Toggling of the semiconductor Switch rapidly 
connects and disconnects various antenna configurations 
with respect to the RF receiver. In another embodiment, the 
Switch connects/disconnects the antennas to/from a load hav 
ing a calibrated impedance value. 
The second antenna is disconnected from the RF receiver 

when the first antenna is connected, and vice versa. When 
connecting/disconnecting with respect to the load, the second 
antenna is directly and continuously connected to the RF 
receiver, for instance via a coaxial cable. The first antenna is 
not physically connected to the RF receiver in this embodi 
ment, and acts instead as a parasitic element. The parasitic 
element is used to alter the radiation characteristics of the 
second antenna Such that nulls in any radiation patterns with 
respect to the parasitic element do not align with radiation 
pattern nulls occurring with the parasitic element discon 
nected from the second antenna. Thus, the average pattern 
between connecting/disconnecting the load has “filled-in 
nulls, which in turn improves signal reception characteristics. 
A Switching method is also disclosed which may be 

executed aboard a host station having the above system, i.e., 
any host station having the first and second antennas, RF 
receiver, semiconductor Switch, and Switching controller 
noted above. The method includes transmitting a Switching 
signal from the Switching controller to the semiconductor 
Switch. The method further includes continuously toggling 
the semiconductor Switch at a calibrated Switching rate in 
response to receipt of the Switching signal by the Switch. This 
selectively and alternately connects the first antenna to the RF 
receiver. In an alternative embodiment, the connection is 
made with respect to a load having a calibrated impedance 
value as noted above. 
The above features and advantages and other features and 

advantages of the present invention are readily apparent from 
the following detailed description of the best modes for car 
rying out the invention when taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a portion of a host 
station in the form of an example vehicle having multiple 
receiving antennae. 

FIG. 2 is a schematic illustration of a system usable with a 
host station having the multiple receiving antennae of FIG.1. 

FIG.3 is schematic illustration of a portion of a host station 
in the form of an example vehicle having an antenna which 
acts as a parasitic element. 
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FIG. 4 is schematic illustration of a system usable with the 
host station shown in FIG. 3. 

DETAILED DESCRIPTION 

Referring to the drawings, wherein like reference numbers 
refer to like components throughout the views, and beginning 
with FIG.1, a schematic host station 10 is shown having a first 
antenna 16 and a second antenna 18. Either of the respective 
first or second antennas 16 or 18 may have limited radio 
reception relative to the otherantenna depending on the posi 
tional relationship of antennas 16, 18 with respect to a trans 
mitted or broadcasted radio signal, e.g., the RF signal 21 
shown in FIG. 2. For example, of the antennas 16 or 18 may 
be obstructed at times, thus affecting reception at that particu 
lar antenna. Therefore, the antennas 16, 18 and other compo 
nents of the host station 10 are controlled as set forth hereinto 
optimize reception quality in the host station 10. 

While two antennas are shown in FIG. 1, any plurality of 
antennas may be used with the host station 10. For simplicity, 
the plurality will be described hereinafter as two antennas 16 
and 18. A semiconductor Switch 20 is used aboard the host 
station 10 to alternatively connect the first antenna 16 and the 
second antenna 18 to a radio frequency (RF) receiver 24 (see 
FIGS. 2 and 4). That is, the semiconductor switch 20 is 
toggled at a calibrated Switching frequency (arrow f) such 
that the first antenna 16 is connected to the RF receiver while 
the second antenna 18 is disconnected, and vice versa. 

In the non-limiting example vehicle embodiment shown in 
FIG. 1, the antennas 16 and 18 are positioned on or embedded 
within a window glass 14, for instance a rear side window 
pane, and thus secured to a body component 12. Various body 
components 12 for positioning/connecting of the respective 
first and secondantennas 16 and 18 are possible, including but 
not limited to within or concealed by a bumper 17, a pillar or 
other body panel, the window glass 14, etc. Such positioning 
may enable fully or partially concealed antennas 16, 18. 
Other possible embodiments for host station 10 include com 
mercial or residential buildings, or any other Suitable station 
ary or mobile structure. 

Referring to FIG. 2, the host station 10 of FIG. 1 is there 
fore configured with an antenna diversity system 25 that 
enables use of multiple antennas, e.g., antennas 16 and 18. At 
least one of the antennas 16, 18 may be hidden in and/or 
concealed, for instance by the bumper 17 as shown in phan 
tom, or contained within/positioned on the window glass 14, 
with the respective first and second antennas 16 and 18 having 
complementary radiation patterns. Use of the antenna diver 
sity system 25 or the alternative embodiment shown in FIG. 4 
may help to optimize the radio listening experience within the 
host station 10. 

Referring to FIG. 2, the present antenna diversity system 
25 includes the respective first and second antennas 16 and 
18, the RF receiver 24, the semiconductor switch 20, and a 
Switching controller 26. In some embodiments, the Switching 
controller 26 draws power from a DC power supply (not 
shown), e.g., a 12-Volt auxiliary battery. For example, in an 
XM radio system, signal strength is weak relative to AM or 
FM radio broadcasts. A low-noise amplifier (not shown) is 
thus typically used to boost the XM signal before it is relayed 
via coaxial or other suitable cable 40 to the RF receiver 24. 
Some FM receivers also require a low-noise amplifier and DC 
power Supply, and therefore powering via an auxiliary battery 
remains an option for all disclosed embodiments. 
The respective first and second antennas 16 and 18 are 

positioned within the host station 10 to receive a transmitted 
RF signal 21. The RF signal 21 may be transmitted from any 
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4 
remote location, for instance an FM radio station tower oran 
XM satellite. The antenna diversity system 25 may also be 
used with AM radio. However, the size of the host station 10 
and the respective first and second antennas 16, 18 would 
have to be scaled in this instance to accommodate the rela 
tively large wavelengths and amplitudes of AM radio waves. 
Therefore, for most practical applications and uses, the RF 
signal 21 is expected to be at higher frequencies such as FM, 
XM, or television transmission frequencies. 
The switching controller 26 of FIG.2 may be configured in 

one embodiment as a Switch control oscillator which auto 
matically generates and transmits a Switching signal (arrow 
28) to the semiconductor switch 20. The switching signal 
(arrow 28) commands toggling of the semiconductor Switch 
20 at a calibrated Switching frequency f). The Switching 
action of the semiconductor switch 20 is represented in FIG. 
2 by double-headed arrow 22, i.e., motion occurring back and 
forth between the antennas 16 and 18. 
The Switching controller 26 averages two or more antenna 

radiation patterns such that any narrow angular antenna pat 
tern nulls are filled in. This pattern-averaging approach miti 
gates the effects of fast temporal signal fades due to multi 
path interference, or pattern nulls due to the interposition of 
the body component(s) 12 of FIG. 1 or other structure which 
interferes with clear reception of the RF signal 21. The cali 
brated Switching frequency (f) is faster than twice the modu 
lated signal bandwidth, a term that is well known in the art of 
band pass sampling. Such a rapid Switching rate is needed so 
that the RF receiver 24, e.g., an FM, XM, or other RF receiver, 
senses the average gain of the various antenna radiation pat 
terns. 

That is, to avoid aliasing and Switching harmonics, the 
Switching frequency (f) may be selected and recorded by the 
controller 26 as follows: 

where n is an integer and f. f. are the respective calibrated 
low and high limits of a calibrated pass band. For example, for 
FM radio operating in the frequency band of about 88 MHz to 
about 108 MHz, and with an FM channel bandwidth of about 
200 kHz, the switching rate (f) is a minimum of about 400 
kHz. However, due to the densely populated nature of the FM 
radio band in the United States and in cities of most other 
industrialized countries, a low Switching rate at the lowest 
theoretical limit is considered to be impractical. Various 
higher-frequency solutions exist for the above set of equa 
tions, with one possible example solution being a Switching 
frequency of approximately 43 MHz for FM radio and 
approximately 100 MHz for XM radio. 
The semiconductor switch 20 of FIG.2 may be a Comple 

mentary Metal-Oxide-Semiconductor (CMOS) device in one 
possible embodiment, i.e., using complementary and sym 
metrical pairs of p-type and n-type metal oxide semiconduc 
tor transistors for its state or logic functions. Other rapidly 
actuating semiconductor Switch designs such as Field Effect 
Transistors (FETs), insulated gate bipolar transistors (IG 
BTs), and/or other transistor switches may also be used to 
toggle at a high rate between the respective first and second 
antennas 16 and 18, provided that the selected transistor type 
is Sufficiently durable and capable of maintaining the cali 
brated Switching rate. In another embodiment, the semicon 
ductor switch 20 may be configured as a Gallium Arsenide 
(GaAs) semiconductor Switch. Such an embodiment may 
provide lower system losses, particularly when used with XM 
radio. 
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Referring to FIG. 3, an alternative host station 110 may be 
used in lieu of the host station 10 of FIG.1. Host station 110 
uses one or more parasitic elements 116 as one of the multiple 
antennas, in this instance replacing the first antenna 16 of 
FIG.1. The semiconductor switch 20 selectively couples the 
parasitic element 116 to a load 32 having a calibrated imped 
ance value. This results in a perturbation to the current distri 
bution acting on the parasitic element 116, which in turn 
impacts the radiation patterns and the mutual coupling among 
the antennas, here element 116 and the second antenna 18. 

Referring to FIG. 4, the second antenna 18 is directly and 
continuously connected to the RF receiver 24 via the cable 40. 
The rapid switching of the semiconductor switch 20 perturbs 
the radiation pattern of the second antenna 18 due to the 
mutual coupling between the parasitic element/first antenna 
116 and the second antenna 18. The RF receiver 24 senses the 
average gain of the antenna radiation patterns created by the 
various mutual coupling effects of the parasitic element 116. 
As used herein, the term "gain” refers to the degree of 

directivity of a radiation pattern of a given antenna, for 
instance the second antenna 18. The term “parasitic element' 
refers to any electronic circuit element presenting a load, e.g., 
an inductor, a capacitor, or a resistor, having a quality that is 
not required for its intended purpose. All conductors possess 
resistance and inductance qualities, and where inductance is 
present there is also capacitance. A resistor thus possesses 
Some amount of parasitic capacitance, and so forth. There 
fore, the particular circuit element chosen as the load 32 and 
its calibrated impedance may be selected based on the size of 
the antennas 116, 18, and the nature of the received RF signal 
21. 
The antenna diversity system 25 or 125 set forth above may 

be used to improve RF signal reception under multi-path 
conditions, such as aboard the host station 10 or 110 (see 
FIGS. 1 and 3). A switching control method is therefore 
possible using the disclosed antenna diversity systems 25. 
125. For example, such a method may include transmitting 
the switching signal (arrow 28 of FIGS. 2 and 4) from the 
switching controller 26 to the semiconductor switch 20, and 
then toggling the semiconductor Switch 20 at the calibrated 
Switching frequency (f) in response to the Switching signal. 
In this manner, one may selectively and alternately connect 
the RF receiver 24 to the first antenna 16 and the second 
antenna 18, or the first antenna 16 to the load 32 when the first 
antenna is configured as the parasitic element 116. The above 
Switching control method may be used in conjunction with 
additional post-switching noise filtering techniques to further 
optimize signal quality at the RF receiver 24 shown in FIGS. 
2 and 4. 

While the best modes for carrying out the invention have 
been described in detail, those familiar with the art to which 
this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 

The invention claimed is: 
1. A system comprising: 
a first antenna; 
a second antenna; 
a radio frequency (RF) receiver in communication with the 

first and second antennas; 
a semiconductor Switch; and 
a switching controller which determines a calibrated 

Switching frequency (f) using the equations 2f/ 
nsfssf/(n-1)sfs2f/n, where n is an integer, f is a 
calibrated high limit of a pass band, and f is a calibrated 
low limit of the pass band, and then toggles the semi 
conductor Switch at the calibrated Switching frequency 
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6 
to thereby alternatively connect and disconnect the first 
antenna to at least one of the RF receiver and a load 
having a calibrated impedance value. 

2. The system of claim 1, wherein toggling of the semicon 
ductor switch alternatively: 

connects the first antenna to the RF receiver while discon 
necting the second antenna from the RF receiver; and 

disconnects the first antenna from the RF receiver while 
connecting the second antenna to the RF receiver. 

3. The system of claim 1, wherein the semiconductor 
Switch is a complementary metal-oxide-semiconductor 
device. 

4. The system of claim 1, wherein the semiconductor 
device is one of a field effect transistor device and an insulated 
gate bipolar transistor device. 

5. The system of claim 1, wherein the semiconductor 
Switch is a Gallium Arsenide semiconductor Switch. 

6. The system of claim 1, wherein the calibrated switching 
rate is about 43 KHZ to about 100 MHZ. 

7. The system of claim 6, wherein the RF receiver is an FM 
receiver, and wherein the calibrated Switching rate is greater 
than about 43 MHz. 

8. The system of claim 6, wherein the RF receiver is an XM 
receiver, and wherein the calibrated Switching rate is greater 
than about 100 MHz. 

9. A host station comprising: 
a body component; 
a first antenna; 
a second antenna, wherein at least one of the first and 

second antennas is physically connected to the body 
component; 

a radio frequency (RF) receiver in communication with the 
first and second antennas; 

a semiconductor Switch; and 
a Switching controller which toggles the semiconductor 

Switch at a calibrated Switching frequency to thereby 
alternatively connect and disconnect the first antenna to 
at least one of the RF receiver and a load having a 
calibrated impedance value, wherein the Switching con 
troller is configured to: 
determine the calibrated Switching frequency (f) using 

the equations 2f/nsfs2f/(n-1) and 2f(n+1) 
sfs2f/n, where n is an integer, f is a calibrated high 
limit of a pass band, and f, is a calibrated low limit of 
the pass band; and 

record the calibrated switching rate. 
10. The host station of claim 9, wherein toggling of the 

semiconductor Switch alternatively: 
connects the first antenna to the RF receiver while discon 

necting the second antenna from the RF receiver; and 
disconnects the first antenna from the RF receiver while 

connecting the second antenna to the RF receiver. 
11. The host station of claim 9, wherein the body compo 

nent is a window glass. 
12. The host station of claim 11, wherein the host station is 

a vehicle. 
13. The host station of claim 9, wherein the host station is 

a vehicle and the body component is a bumper. 
14. A Switching method for use in a host station having a 

body component, a first antenna, a second antenna, a radio 
frequency (RF) receiver, and a Switching controller, wherein 
at least one of the first and second antennas are connected to 
the body component, the method comprising: 

transmitting a Switching signal from the Switching control 
ler to a semiconductor Switch; 

determining a calibrated Switching frequency (f) using the 
equations 2f/nsfss2.f., f(n-1) and 2f(n+1)sfss2.fi/n, 
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where n is an integer, f is a calibrated high limit of a 
pass band, and f, is a calibrated low limit of the pass 
band; 

toggling the semiconductor Switch at the calibrated Switch 
ing frequency in response to the Switching signal to 5 
thereby selectively and alternately connect the first 
antenna to one of the RF receiver and a load having a 
calibrated impedance; and 

recording the calibrated switching rate via the controller. 
15. The method of claim 14, wherein toggling of the semi- 10 

conductor switch includes alternatively: 
connecting the first antenna to the RF receiver while dis 

connecting the second antenna from the RF receiver, and 
disconnecting the first antenna from the RF receiver while 

connecting the second antenna to the RF receiver. 15 
k k k k k 


